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288a Monday, February 4, 2013As the computational study tracks the remarkable changes in the extent
of outward opening, we were able to identify the allosteric elements that
are critical in mediating the impact of the perturbations on the conformational
transition. Together, these findings shed new light on the Naþ-driven transport
cycle and on the dynamic details of the nature and role of allostery in the
structural rearrangements associated with outward- and inward-open
transitions.
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Many vital cellular processes, such as protein translocation, proton transport or
molecular recognition, are mediated by self assembling membrane proteins.
We have investigated the Twin-arginine translocase (TatA) complex, which
forms transient pores through which proteins are translocated through the
membrane. We postulated that complex formation is electrostatically driven
by formation of salt bridges between amphiphilic transmembrane segments
of the individual monomers and developed a structure-based model for this
process[1].
We studied the formation of oligomers of different sizes by structure-based[2]
MD simulations in combination with NMR constraints and a hydrophobic-slab
implicit membrane model. Starting from isolated monomers, distributed far
apart from each other, we observed the formation of stable TatA oligomers
on the basis of the postulated interactions. The dimensions of the resulting
TatA complex agreed well with experimental electron microscopy measure-
ments[3] and the postulated interactions were confirmed by subsequent muta-
tion studies.
[1] T. Walther, C. Gottselig, S. Grage, M. Wolf, A. Vargiu, Marco J. Klein, S.
Vollmer, S. Prock, M. Hartmann, S. Afonin, E. Stockwald, H. Heinzmann, W
Wenzel, P. Ruggerone, A. Ulrich. Folding and self-assembly of the TatA trans-
location pore based on a novel charge zipper mechanism, Cell (accepted)
[2] Whitford, P. C. et al. An all-atom structure-based potential for proteins:
Bridging minimal models with all-atom empirical forcefields. Proteins 75,
430-441 (2009).
[3] Gohlke, U. et al. The TatA component of the twin-arginine protein transport
system forms channel complexes of variable diameter. Proc. Natl. Acad. Sci.
U.S.A. 102, 10482-10486 (2005).
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MsbA is a structurally well-characterized, bacterial ATP-binding cassette
(ABC) exporter. It undergoes a large-scale conformational change between
the inward-facing (IF) and the outward-facing (OF) states during its transport
cycle. Despite extensive experimental and computational studies on MsbA and
its homologs, a unified mechanistic picture describing the OF-IF conforma-
tional transition of ABC exporters is still missing. In order to study this tran-
sition at an atomic level, we have used a novel approach based on
a nonequilibrium driven scheme and performed an extensive set of molecular
dynamics simulations that sample the OF-to-IF reaction-path ensemble of the
apoMsbA in the presence of explicit solvent and membrane. using several dis-
tinct system-specific biasing protocols, we were able to steer the system along
a large number of different paths in a low-dimensional holonomic coordinate
space. Nonequilibrium work relations were employed to interpret the results
and to determine the optimal transition path. Our results provide clear evidence
that the opening of the cytoplasmic gate in the apo MsbA is prohibitively dis-
favored when the extracellular gate is open, an observation consistent with the
‘‘alternating-access mechanism’’. More interestingly, we observe that the clo-
sure of the extracellular gate does not result in a stable IF conformation unless
the nucleotide-binding domains (NBDs) undergo a ‘‘twisting’’ motion that in-
volves a drastic change in their relative orientation. We thus propose a ‘‘door-
knob mechanism’’ for the OF-to-IF transition of MsbA that asserts a crucial
role for the ‘‘twisting’’ of NBDs in the opening of the cytoplasmic gate.
More generally, our results call into question the simplistic models of NBD
dissociation/dimerization that ignore the important role of the relative orienta-
tion between the NBDs in promoting the OF-IF conformational transitions of
ABC exporters.1480-Pos Board B372
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Excitatory amino acid transporters (EAATs) are membrane proteins responsi-
ble for the reuptake of glutamate from the synaptic cleft in the central nervous
system. Crystallographic data of a bacterial EAAT homologue, GltPh, have
provided structural information for this trimeric secondary active transporter
in different states. Nevertheless, in contrast to other membrane proteins, such
as GPCRs, little is known about the structural or functional coupling between
EAATs and their membrane environment. In this context, we investigated the
effect of lipid environment on the structure and dynamics of GltPh, using all-
atom molecular dynamics (MD) simulations of both the outward- and inward-
facing conformations of GltPh in either POPC or POPE lipid membranes. The
transition between the two states was explored with a variant of targeted MD
simulations (sTMD) combining stepwise targeted motion and equilibration.
Both the end conformations and the transition pathways were found to be robust
to the choice of lipid bilayer type (pairwise trajectory RMSDs<2.5A˚), implying
constant contributions from the energetics of membrane deformation and hy-
drophobic mismatch computed with 3D-CTMD. The transition pathways con-
necting the end states agree substantially with the structural intermediates of
a path identified recently using the method of motion planning (MP) coupled
with MD (minimum RMSDs<3A˚). Importantly, the agreement includes the
prediction that the transport-trimerization domain interface changes continu-
ously during the transition, exhibiting in the middle a significantly reduced con-
tact area and significantly increased solvent-accessibility compared to the end
states. This remarkable consistency between simple MP and the new sTMD
modeling approaches indicates that the computationally economical MP calcu-
lations provide a useful initial modeling tool for major conformational transi-
tions in membrane proteins.
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In secondary active transporters, the electrochemical potential of ions across
the membrane is used to fuel the ‘‘uphill’’ translocation of the substrate across
membranes via the alternating access mechanism. The mechanism of this
crucial coupling, however, is still ambiguous, despite significant recent
experimental and computational progress along structural basis and ion-
binding effects. Mhp1, Benzyl-hydantoin transporter, has become a key model
for the secondary active transporters sharing a similar LeuT-fold topology. In
the present study, we employed molecular dynamics simulations to study the
impact of Naþ-binding on dynamics and conformational stability of Mhp1 in
multiple states and transition between them. We performed microsecond equi-
librium MD simulations in outward-facing (OF) states, and biased simulations
with constraint of the Naþ-binding site in the inward-facing (IF) state. The sim-
ulations suggest that Naþ binding can stabilize the substrate-binding conforma-
tion in the OF state, but without a similar effect in its IF state, and reveal the
underlying molecular mechanism in detail. Furthermore, the results of a spe-
cial-protocol time-dependent biased simulation for state transition, suggest
that Naþ binding can increase the free energy barrier along the OF-IF
transition. All the results suggest that ion binding can reshape the free-
energy landscape of the ion/protein complex, thereby shifting the conforma-
tional preference toward a specific OF structure, which is favorable for
substrate-binding. The increased substrate affinity provided by Naþ binding
will facilitate capturing the substrate from its low-concentration environment
by the transporter. The rsults, therefore, provide a deeper and more com-
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Duchenne Muscular Dystrophy (DMD) is an X-linked, muscle-wasting dis-
ease caused by deletions in the gene that encodes dystrophin, an integral
Monday, February 4, 2013 289amuscle membrane protein that links the contractile proteins to the muscle
membrane. Recent studies have suggested that increased Ca2þ influx into
the muscle and increased production of free radicals (or reactive oxygen spe-
cies, ROS) are essential for increased susceptibility of mdx muscle to damage.
However, the source of the ROS, the Ca2þ channels affected, and the mech-
anism(s) of how mechanical stress results in altered regulation of these sig-
naling pathways have yet to be determined. We hypothesis that NADPH
oxidase (Nox2) drives excessive ROS production, increased Ca2þ influx,
and muscle damage. Manganes (Mn2þ) quench was used to assess the role
of Nox2 dependent ROS on sarcolemmal Ca2þ influx in response to a physi-
ological stretch and depolarization. Our results show that stretch-activated
Ca2þ entry in mdx is significantly increased 4.2-fold (p<0.001) compared
to WT, while Kþ-induced depolarization results in 20-fold (p<0.001) in-
crease in Mn2þ quench in mdx skeletal muscle. Administration of either
gp91ds-TAT, an inhibitor of Nox2, or reduced glutathione ethyl ester, a glu-
tathione analogue, in mdx muscle reduces the Mn2þ quench rates back to the
WT levels for both passive stretch and Kþdepolarization. Addition of BTP2,
a calcium release activated calcium channel inhibitor, also significantly atten-
uates Mn2þ quench rates in mdx compared to WT. Our data supports a model
in which Nox2 dependent redox modifications of stretch and depolarization
activated Ca2þ channels leads to exuberant Ca2þ influx. Our results identify
Nox2 as a potential therapeutic approach to minimize or delay the progressive
DMD disease.
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Myostatin, a member of the transforming growth factor b family was shown to
be a potent negative regulator of skeletal muscle growth. It is strongly ex-
pressed in skeletal muscle and myostatin deficient mice have a great increase
in muscle mass. Yet, the physical performance of these animals is not im-
proved or even suppressed as compared to control mice. To understand the
possible underlying mechanisms we investigated the calcium homeostasis of
skeletal muscle fibers from mice with the compact myostatin mutation
(MstnCmpt-dlAbc).
Resting membrane potentials were essentially identical on control and
MstnCmpt-dlAbc mice (79.250.3 vs. 78.050.3 mV). Action potentials
(AP), evoked by field stimulation through a pair of platinum electrodes on sin-
gle intact flexor digitorum brevis (FDB) muscle fibers, on the other hand, were
significantly shorter on MstnCmpt-dlAbc animals. The average time between
the peak and 90% repolarization of the AP corresponded to 0.9250.03 vs.
0.7850.02 ms on control and on MstnCmpt-dlAbc fibers, respectively. The
other parameters of the APs were essentially identical.
The resting and the depolarization-evoked changes in intracellular Ca2þ con-
centration ([Ca2þ]i) were measured on single FDB fibers with the fluorescent
dye Fura-2. While resting [Ca2þ]i was higher (57.651.4 vs. 65.452.8 nM),
the amplitude of the KCl-evoked calcium transients was smaller (360549
vs. 215544 nM) in MstnCmpt-dlAbc mice. Similar experiments were conduct-
ed on Fluo-3 loaded fibers using a confocal microscope and repeated (at 100 Hz
for 200 ms) field stimulation. AP-evoked calcium transients were again smaller
(2.7550.15 vs. 2.2050.14) on MstnCmpt-dlAbc fibers. Elementary calcium
release events were detected using Fluo-3 on permeabilized FDB fibers. No sig-
nificant difference in the parameters of sparks was observed between control
and MstnCmpt-dlAbc mice.
These results indicate that an alteration in calcium signaling might underlie the
reduced muscle performance in myostatin deficient mice.
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The R163C is one of the most frequent missense mutations of the human
RyR1; it confers malignant hyperthermia susceptibility and results in central
cores. Alterations of the excitation contraction (EC) coupling associated with
the R163C mutation have been studied in myotubes and, to a lesser extent, in
adult FDB fibers of the transgenic R163C mouse. In order to further evaluate
the pathophysiology of the EC coupling in these animals, we studied the
properties of Ca2þ release microdomains evoked by action potentials (AP),
and measured the rate of Ca2þ release in global (spatially averaged) transients
evoked by APs and/or voltage clamp pulses. Current- and voltage-clamp ex-
periments were done in adult FDB fibers isolated from R163C and control
mice internally equilibrated with a solution containing 250 mM OGB-5Nand 30:15 mM EGTA:Ca2þ. The properties of AP-evoked global Ca2þ
transients were similar in fibers of R163C and control animals. Also, peak
Ca2þ release fluxes of transients elicited by depolarizations to þ60mV were
not significantly different in R163C (236560 mM/ms, n=3) with respect
to those in control fibers (242558 mM/ms, n=6). However, the voltage-
dependence of the peak Ca2þ fluxes was significantly shifted to more negative
potential (by 10 mV, n=3) in fibers from R163C. Finally, the amplitude of
Ca2þ release microdomains varied significantly along consecutive triads of
R163C fibers, which contrasts with the monotonous dependence with position
along the fiber’s longitudinal axis in control fibers. Altogether our results
show that though EC coupling is on-average mildly compromised in R163C
mutants, Ca2þ release sites at the triads are conspicuously altered by the
RyR1 mutation. Supported by NIH grants AR047664, AR041802, and
AR054816. The R163C mice were kindly provided by Dr. I. Pessah, UC
Davis.
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Autophagy is a cellular process that targets damaged organelles for lysosomal
degradation, which may play crucial roles in amyotrophic lateral sclerosis
(ALS), a neuromuscular disease characterized by motor neuron and muscle
degeneration. Studies from Morimoto (2007) and Zhang (2011) identified in-
creased autophagy in motor neurons of ALS mice (G93A) only at the age af-
ter the disease onset (> 90 days). To test if muscle plays an active role in the
disease progression, we analyzed autophagy activity in skeletal muscle at
three different age groups: before axon withdrawal (<47 days), before dis-
ease onset (47-90 days) and around disease onset (>90 days) by expressing
LC3-RFP in muscle fibers or loading muscle fibers with LysoTracker. We
found dramatic increases of autophagosome formation and lysosomal vesicles
at all age groups of G93A mice compared to the age-matched wild type
(WT). The portion of fibers with the ratio of autophagosome-area/fiber-area
more than 15*103 is summarized as G93A (WT): [<46 days: 19% (3%);
47-90 days: 43% (8%); >90 days: 15% (2%); n=31-74 (31-66)]. The portion
of fibers with more than 100 lysosome vesicles is summarized as: [< 46 days:
16% (1%); 47-90 days: 58% (0%); >90 days: 44% (2%); n=39-77 (38-81)].
A majority of autophagosomes are in close contact with lysosome vesicles,
indicating a coordinated up-regulation of autophagy-lysosomal pathway in
G93A muscle. Western blot analysis also show increased LC3-II level in
G93A muscle at all age groups: [<46 days: 5.451.5, n=4 (1.150.1, n=4);
47-90 days: 4.451.6, n=4 (1.450.2, n=12); >90 days: 7.151.8, n=12
(2.250.9, n=4)]. Our study identified up-regulated autophagy activity in
muscle as an early event before disease onset, suggesting that skeletal muscle
may actively contribute to ALS progression. Supported by MDA and
NIAMS/NIH.
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A component of muscle weakness in older individuals is directly attributable to
compromised excitation-contraction (EC) coupling. In skeletal muscle, the
L-type Ca2þ channel (CaV1.1) serves as the voltage sensor for EC coupling
by triggering Ca2þ release from the sarcoplasmic reticulum (SR) in response
to plasma membrane depolarization.
Although it has been established that impaired EC coupling (termed ‘‘EC
uncoupling’’ by O. Delbono and colleagues) in aged individuals is caused
by a reduction in the number of L-type channels present in the plasma mem-
brane, the molecular mechanisms responsible for transducing age-dependent
cellular signals (e.g., oxidative stress) to decreased CaV1.1 membrane expres-
sion remain enigmatic. In this study, we have investigated a role for RGK
(Rad, Rem, Rem2, Gem/Kir) family small G proteins in EC uncoupling
because: 1) expression of endogenous Rad is enhanced in response to oxida-
tive stress in skeletal muscle, and 2) overexpression of Rem in muscle cells
mimics EC uncoupling. We have found that exogenous overexpression of
Rad in cultured myotubes also mimics EC uncoupling. Moreover, immuno-
blotting of fast-twitch tibialis anterior and mixed gastrocnemius muscle
lysates revealed progressive age-dependent enhancement of Rad protein
levels while Rad expression was largely absent in slow-twitch soleus muscle
